Introduction
Chronic lung disease of prematurity (BPD) is a common cause of respiratory insufficiency during infancy in children born with very low birth weight [1] . The highest rates of BPD are observed in neonates with birth weight less than 1000g and those born at less than 28 weeks of gestation. The use of prenatal corticosteroid therapy and surfactant treatment, in addition to gentle ventilation techniques, are believed to reduce the risk of BPD and later respiratory problems among very low birth weight (VLBW) children [2] .
At the beginning of the surfactant era, most neonates with RDS had birth weights above 1000 grams, with infrequent occurrence of BPD, and were successfully treated with surfactant and conventional mechanical ventilation (IMV). However, very low birth weight has been shown to be associated with reduced lung function at school age, both independent of [2, 3, 4] and related to neonatal respiratory illnesses [5, 6, 7] . Furthermore, VLBW school-aged children with BPD show evidence of lower expiratory volumes and flows compared to those without BPD [5, 6, 7] and those born at term [5, 6] .
Moreover, in addition to BPD, gestational age and birth weight were found to be important determinants of lung function in late childhood [3, 7] . In the present study we hypothesized that neonatal lung injury associated with requiring mechanical ventilation is one of the important factors for developing decreased pulmonary outcome in late childhood, irrespectively of BPD.
The aim of our study was to assess whether schoolaged spirometry and lung volume outcomes of children born prematurely in the surfactant era, with history of moderate to severe RDS treated with IMV and discharged home with or without the diagnosis of BPD, differ from term infants (controls).
Methods

Study population
All preterm children who were treated for RDS [8] with IMV in the NICU of the Department of Neonatology, Pomeranian Medical University, and discharged home with or without the diagnosis of BPD between 1995-1999, were invited to participate in the study. The inclusion criteria were as follows: preterm delivery (up to 36 weeks of pregnancy), intubation, conventional mechanical ventilation, RDS diagnosed on the basis of clinical and typical radiological findings. The exclusion criteria were as follows: preterm delivery but without the need for intubation and IMV.
For the purpose of the study BPD was defined as requiring supplemental oxygen beyond 36 weeks postmenstrual age or discharge home to maintain oxygen saturation in the 88-95% range by pulse oximetry measurement [9] .
In all cases, parental written informed consent to participate in the study was obtained. Research protocols and parent informed consent procedures were approved by the institutional review board of the Pomeranian Medical University.
By reviewing medical records from the neonatal period, the following data were collected: complications of pregnancy (pre-eclampsia, diabetes mellitus, oral and intravenous tocolysis, infection and premature rupture of membranes, maternal tobacco smoking history), mode of delivery, gestational age, birthweight and body length, Apgar score at 5 minutes, as well as acute and chronic respiratory complications and infections during the 
Streszczenie
Anthropometric Measurements and Assessment of Oxygen Saturation
Weight was measured with standard growth charts for children and the height was measured with a fixed stadiometer. Before spirometry, after a 10-minute rest, heart rate and oxygenation were measured by pulse oximetry (Dräger Pulse Oximeter; Medical System IT GmbH, Germany).
Pulmonary Function Studies
The pulmonary function was assessed by spirometry (Lungtest 500; MES, Cracow, Poland). The pulmonary function testing and its duration were compliant with the standards recommended by the American Thoracic Society [10] . The results were calculated from three comparable values of parameters that did not differ by more than 5% (or 0.1 liter), and were determined from the best of three forced vital capacity (FVC) results [11] . Standard reference equations (variables included gender, height, and weight) were used for all lung parameters in order to obtain the percentage of predicted normal values. Results were expressed as percentage predicted, with generally accepted reference ranges of 80% to 120% [12, 13] .
Statistical Analysis
The distribution of continuous variables was tested for normality by the Shapiro-Wilk test. The differences between the groups were tested by the Wilcoxon test or the Mann-Whitney nonparametric U test. Linear correlation and regression or nonparametric regression analyses were used to test for associations between spirometric parameters and duration of IMV, FiO2 concentration during IMV, and duration of oxygen therapy after weaning from IMV.
Results
Responses were received from 100 families (65 preterm children without BPD and 35 with BPD), representing 47.1% of the total cohort available. A cohort of 150 term infants without history of respiratory problems during the neonatal period, matched for age, gender and ethnic group, were recruited from a local primary school as controls. Responses were received from 110 families.
Testing was performed for 148 children. Technically acceptable spirometric measurements were obtained from 58 preterm children treated with IMV (38 without and 20 with BPD) and 90 term controls (Table I) .
Mean gestational age and mean birth weight were significantly lower in the group with BPD (p<0.0001; p< 0.001) when compared to the group without BPD, and significantly lower in both ventilated groups than in term controls (p< 0.000001). Apgar score results were significantly lower in both ventilated groups compared to term controls (p<0.0001). No significant differences in relationship to gender or mode of delivery among all compared groups were found (Table I) .
As expected, prematurely born infants who required respiratory support, and especially those with chronic lung disease of prematurity, were substantially more often ill during the neonatal period than the healthy control group as far as the occurrence and stage of RDS, incidence of pulmonary interstitial emphysema and ROP were concerned (Table II) .
Postnatal steroids were not administered to the children during the neonatal period. Oxygen saturation# (%) 95.5 ± 1.0 95.9 ± 1.0 97.3 ± 6.9 * 1/3 and 2/3 p<0.001; ** 1/3 and 2/3 p< 0.0001; # 1/3 and 2/3 p< 0.05
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Respiratory morbidity was compared in all of the groups of children with ranges: up to 2 years of age and between 3-6 years of age (Table III) .
There were no significant differences in the rate of children with bronchitis and pneumonia up to 6 years of age between both ventilated groups, with and without BPD. However, the incidence of bronchitis with more than 2 episodes per year per child was found to be significantly higher in preterm infants with BPD (40% children up to 2 years of age and 45% up to 6 years of age) than in preterm infants without BPD (0.0%) (p<0.05). In the control group, bronchitis up to 2 years of age and pneumonia up to 6 years of age were recognized significantly less frequently (p<0.05) than in both ventilated groups.
There were no significant differences in relation to age, body size, heart rate and oxygen saturation between the preterm infants with and without BPD on the day of spirometry (Table IV) . Mean weight, height and oxygen saturation in the control group were significantly higher than in both ventilated groups (p<0.001; p<0.0001; p< 0.05).
On the day of spirometry all preterm and control children had clear breath sounds on auscultation immediately before the lung function assessment.
After adjustment for age, gender and body size by using a percentage of the predicted values, both groups of preterm children who were treated with IMV turned out to have significantly lower spirometry parameters than controls, except for ERV%, which was lower (p<0.05) in the control group. There were no significant differences in relation to all of the evaluated spirometry parameters between preterm children with and without BPD (Table V) .
In both groups of preterm children treated with IMV decreased values of most measurement parameters were recorded significantly more frequently than in term controls. Furthermore, elevated values of ERV% were found to be significantly more frequent in both ventilated groups than in the control subjects. No significant correlation between spirometry parameters and duration of IMV, FiO2 concentration during IMV and duration of oxygen supplementation after weaning from IMV was found in the group of preterm children with BPD. The only significant correlation was observed between inspiratory capacity % (IC%) and duration of IMV (r=0.72; p<0.0007), as well as the duration of oxygen supplementation (r=0.57; p<0.02) in the group without BPD.
The percentage of maternal smoking was 45% in the group with BPD, 57.8% in the preterm children without BPD, and 40% in the control group. Incidence of smoking more than 30 cigarettes every day was significantly higher in both IMV groups than in controls (p<0.01). However, there was no statistically significant relationship between maternal smoking and values of spirometric parameters.
Discussion
In our study no significant differences in lung function assessed by spirometry in school-aged children, born prematurely with and without BPD, were found but in both these groups spirometric parameters were significantly worse than in full-term infants who never received IMV.
Similar to other previous studies, healthy, full-term, agematched children were selected as control subjects to compare pulmonary outcomes [3, 12, [14] [15] [16] [17] . Children born prematurely and treated with IMV during the neonatal period and term children were compared. FEV1 -1-sec forced expiratory volume; FVCEX -forced expiratory vital capacity; FVCIN -forced inspiratory vital capacity; PIF -peak inspiratory flow; VC -vital capacity; IC -inspiratory capacity; TV -tidal volume; PEF -peak expiratory flow ; ERV-functional residual capacity;
Comparison of a percentage of the predicted values: all differences between preterm infants with and without BPD were not significant; FEV1 -*/# p<0.0001, **/# p<0.05; FVCEX -*,**/# p<0.002; FVCIN -*,**/# p<0.0001; PIF -*,**/# p<0.001; VC -*,**/# p<0.001; IC -*,**/# -p<0.0001; TV -*,**/# p<0.01; ERV-*,**/# p<0.05
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Preterm children treated with IMV during infancy showed an increased respiratory morbidity during early childhood [14, 15, 18] . Especially children with BPD are considered a high-risk group [6, 19, 20, 21] . In our study the percentage of children affected by respiratory morbidity was not significantly different in both ventilated groups. However, the incidence of bronchitis per child/per year in the group of preterm infants with BPD was significantly higher than in preterm children without BPD. Furthermore, the control subjects were less affected by bronchitis and pneumonia than children treated with IMV during infancy.
Pulmonary outcome in school-aged children was assessed using spirometry with evaluation flow and volume parameters adjusted for age, weight and gender. We used percent predicted values (PPVs) for comparison between various spirometry measurements because PPVs are more widely reported and allow for a comparison between various studies, notwithstanding the limitations involved when different prediction equations are used [12, 13 16, 22] .
Various studies demonstrated early impairment of lung function in preterm infants, that may vary in severity during follow-up to adulthood [19, 22, 23, 24, 25] . In children with BPD, bronchial obstruction and hyper-responsiveness may persist until school age [14, 16, 26, 27] .
In our study no significant differences in the lung function assessed by spirometry in school-aged children, ventilated during infancy, regardless of BPD, were found.
In contrast to our findings, numerous studies report more or less normal lung volumes in healthy preterm children, but slightly lower forced volumes in those with BPD [3, 21] . Korhonen et al., found an inverse relationship between duration of O 2 therapy and FEV 1 . These observations support the theory of a continuous course in BPD [3] . Such a correlation was not confirmed in our study.
Broström at al., found significantly lower values of FEV 1 among children (aged 6-8 years) with BPD [21] . Half of the children with BPD had FEV 1 below the normal range, compared with only one-sixth of those without BPD [21] . In our study, 25% of subjects with BPD and 18.42% without BPD had decreased FEV 1 . Our findings are in agreement with a study of Blayney at al., who reported improvement in the lung function between 7-10 years of age [28] .
The study of Blayney demonstrates that children with evidence of mild to moderate lung disease in the infancy, have continued lung growth or repair during their school years. Similar to these findings, Narang et al., found no differences in spirometric values between former-preterm infants and healthy term controls, 21 years after birth [14] . They suggest that there was some recovery of lung function over time. However, at the mean age of 9-10, we found significantly lower spirometry flow and volume parameters in both groups of ventilated children, compared to healthy full-term non-ventilated controls. Similar to our findings, Doyle et al., reported children at the age of 8-9 years who were born extremely prematurely to have lung function in the reference range, although significantly lower than term controls [23] .
In our study, children ventilated during the neonatal period, regardless of BPD, had lower spirometry parameters when compared to controls, except for ERV%. Indeed, mean ERV% values were found to be in normal ranges in both ventilated groups. However, 40% of patients from the group with BPD and 43.2% of patients from the group without BPD had increased values of ERV% compared to 7.78% of control subjects, what probably reflects obstruction in both ventilated groups. Higher mean ERV% in children born prematurely compared to term controls at mean age of 10 years has also described by Smith et al., [12] .
The ongoing debate about what factors are more important in determining lung function in late childhood continuous to gain momentum. In various studies, apart from BPD, gestational age and birth weight have been shown to be important [3, 7, 29] .
In our study there was a significant difference in birth weight and gestational age between the two groups of preterm children treated with IMV. However, no differences in the respiratory outcomes of these two groups were found. Furthermore, in both ventilated groups most of the assessed spirometric parameters were significantly lower than in term controls who were never treated with IMV. We hypothesize that neonatal lung injury was associated with mechanical ventilation upon birth. Probably this is a more important factor for developing decreased pulmonary outcome in late childhood than either birth weight or gestational age. Moreover, our findings indicate that not only ELBW neonates but also ventilated preterm babies with birth weights over 1250 grams and born after 29 weeks gestation, regardless of BPD, may have lower pulmonary outcome later in life.
Naturally, there are some limitations to our study. Although all NICU preterm RDS survivors, treated with IMV and discharged home between 1995-1999, were invited to participate, only 47.1% responded to our invitation. Except for those who changed their home address (20% of the non-responders), some parents probably ignored the invitation because of severe developmental disability of the child. It is not possible to compare the characteristics of the neonatal period of the non-responders due to lack of written consent of their parents. Similar problems have been observed by others authors in pulmonary follow-up retrospective studies [12, 14] . Only in prospective studies has the percentages of participants been higher [15, 22] .
It is conceivable that those who participated in the study represent the 'better' survivors. Unfortunately in the examined population technically acceptable spirometry measurements were obtained only from 57.1% of the preterm children who were treated with IMV and discharged home with BPD and from 58.5% of preterm infants without BPD. Also, 11.8% of the children from the control group were unable to produce acceptable spirometry testing as a result of an inability to understand the required technique, despite repeated attempts. Lack of technically satisfactory spirometry results from a part of the examined children has been also reported in other studies [15, 22] .
Despite these limitations, we conclude that adverse outcomes of lung function at the ages of 9-10 years were similar in those premature infants without significant developmental disability who needed assisted ventilation and met the criteria for BPD, and those who did not. In addition, regardless of the BPD status, spirometry parameters in prematurely born children with RDS are not as good as in term controls.
